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(wherey + z=2x + 1, z >y, x is a natural number of 6
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Description
BACKGROUND OF THE INVENTION
1.Field of the Invention
[0001] The present invention relates to electric power transmitting and distributing machines and equipment.
2.Description of the Prior Art

[0002] Global warming occurs as some compound released from the ground surface into the atmosphere absorbs
infrared rays emitted by black-body radiation, thereby heating the atmosphere and raising the air temperature. The
value of the air temperature which has been raised is expressed in terms of the relative value with the air temperature
which has been raised in the case where CFC11 and carbon dioxide have been released into the atmosphere. The
global warming factor (GWP) is usually expressed in terms of the ratio of the product of the temperature rise of the
atmosphere in the case where some compound has diffused uniformly in a concentration of 1 ppb (vol) into the atmos-
phere and the life of the compound in the atmosphere to the product of the temperature rise of the atmosphere in the
case where carbon dioxide has diffused in the similar way and the life of carbon dioxide in the atmosphere.

[0003] Recently, flame retardance and incombustibility are required of electric power transmitting and distributing
machines and equipment from the standpoint of disaster prevention. Incombustible transformers or the like have come
into use which employ, as an insulating or cooling medium, SFg or perfluoro carbon (PFC) fluid, which has a high
dielectric breakdown strength and is incombustible and chemically stable. However, SFg and PFC have a much greater
global warming factor as compared with carbon dioxide. Therefore, when these compounds are released into the
atmosphere, the temperature rise on the ground surface due to greenhouse effect or the global warming takes place,
posing a global environmental problem. SFg and PFC have been regulated already, and it is considered that the reg-
ulation of their emission will be enforced in the future. Since it is practically difficult to manufacture electric power
transmitting and distributing machines and equipment without releasing SFg and PFC at all into the atmosphere, there
is necessity for electric power transmitting and distributing machines and equipment which employ, in place of SF5 and
PFC, an insulating medium and cooling medium which have a high dielectric breakdown strength, flame retardance
or incombustibility, and a low global warming factor.

[0004] Japanese Patent Laid-open No. 59612/1997 discloses the use of CFl; as a refrigerant for freezing cycle units.
[0005] In general, a gas increases in dielectric breakdown strength with increasing molecular weight. And, com-
pounds containing chlorine atoms or bromine atoms are flame-retardant or incombustible. If chlorine atoms or bromine
atoms are introduced into the molecule in order to obtain a flame-retardant or incombustible compound, the resulting
compound has a high ozone-destroying factor. It is known that among compounds containing fluorine, chlorine, or
bromine in the molecule, those which are chemically stable, flame retardant, and difficult to decompose have a long
life in the atmosphere and a great global warming factor.

[0006] For this reason, it is very difficult to design the molecule of the insulating medium which has a high dielectric
breakdown strength, flame retardance or incombustibility, and a low global warming factor, and hence can be used as
a substitute for SFg and PFC.

[0007] Japanese Patent Laid-open No. 59612/1997 discloses the use of CF;l as a refrigerant for freezing cycle units;
however, it discloses nothing about its dielectric breakdown strength.

[0008] The dielectric insulating properties required of CF;l as a refrigerant for freezing cycle units is dielectric insu-
lating properties of such degree that partial discharge and dielectric breakdown do not occur in the coil etc. in a motor
installed in a compressor, and such dielectric breakdown strength as required of the insulating medium for electric
power transmitting and distributing machines and equipment has never been considered.

SUMMARY OF THE INVENTION

[0009] The inventors of the present invention investigated the dielectric breakdown strength of CF;l and found that
CF;l can be used as an insulating medium for electric power transmitting and distributing machines and equipment,
and invented electric power transmitting and distributing machines and equipment which employ CF4l as an insulating
medium.

[0010] The object of the present invention is to provide electric power transmitting and distributing machines and
equipment which employ an insulating medium having a high dielectric breakdown strength, flame retardance or in-
combustibility, and an extremely small global warming factor, which have high performance, and which produce very
little effect on global warming.

[0011] The feature of the present invention to achieve the aforesaid object resides in that the insulating medium
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contained in electric power transmitting and distributing machines and equipment, such as transformers, reactors,
buses, GIS's, breakers, and switches, contain a compound represented by the formula (1) or (2) below

CXHyFZI (1)
(wherey +z=2x + 1, z >y, x is a natural number of 6 or less, Z is a natural number, and y is 0 or a natural number.)
C HyF,! (2)

(where C H,F .l is a cyclic compound, b + ¢ = 2a, ¢ > b, a is a natural number from 3 to 6, ¢ is a natural number, and
b is 0 or a natural number.)

[0012] The compounds represented by the formula (1) include, for example, CF;CHFCF,l and CH,CF,CF,l. And
the compounds represented by the formula (2) include, for example, cyclic compounds such as

CH,-CF -CF,
|
CF,-CFI
(CH;=c—C,F¢I)

_CH,-CF,
F |

CF,-CFI

(c~-CsH,F,I)

[0013] The compound represented by the formula (1) or (2) contains iodine in the molecule and has a high molecular
weight; therefore, the dielectric strength of the gas is high. In addition, containing iodine in the molecule, it is readily
decomposed by light and has a short life in the atmosphere. Consequently, the compound represented by the formula
(1) or (2) has an extremely small global warming factor and an ozone destroying factor which is almost negligible.
Moreover, these compounds have more than half of hydrogen in the hydrocarbon replaced by fluorine and iodine and
hence are flame retardant.

[0014] Therefore, owing to this feature, since the insulating medium containing the compound represented by the
formula (1) or (2) with the above-mentioned properties is used, it is possible to obtain electric power transmitting and
distributing machines and equipment which have high performance, flame retardance, and very little effect on global
warming.

[0015] Also, the insulating medium may contain the compound represented by the formula (3) of (4) below.

CxF(2><+1)I 3)
(where x is a natural number of 6 or less.)
C,Fy,! (4)

(where C,F,,l is a cyclic compound and a is a natural number from 3 to 6.)

The compounds of the formula (3) and the formula (4) are those compounds corresponding respectively to the com-
pound of the formula (1) with y = 0 and the compound of the formula (2) with b = 0. The compounds represented by
the formula (3) include, for example, CF3l, CF3CF,l, and CF;CF,CF,l. And the compounds represented by the formula
(4) include, for example, cyclic compounds such as
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CF,-CF,
|
CF,-CFI
(c-CF,I)
_CF,—CF,
CF, |
~CF,-CFI
(c-C;F;I)

These compounds have all hydrogens in the hydrocarbon replaced by fluorine and iodine, and if x or a is equal, since
the molecular weight is larger than the compound represented by the formula (1) and the formula (2), then the dielectric
strength of the gas is high and it is flame retardant or incombustible.

[0016] Therefore, even though the compound represented by the formula (3) and the formula (4) is used, it is possible
to obtain electric power transmitting and distributing machines and equipment which have high performance, flame
retardance or incombustibility, and a very little effect on global warming. Moreover, since such compounds as CF;l,
CF4CF,l, and CF;CF,CF,l are easily extinguishable, it is possible to impart self-extinguishing characteristics to electric
power transmitting and distributing machines and equipment.

[0017] Also, itis possible to use an insulting medium which is a mixture of the compound represented by the formulas
(1) to (4) and nitrogen or helium for electric power transmitting and distributing machines and equipment.

[0018] According to the present invention, since an insulating compound 23 is used which contains a compound
represented by the formula (1) or the formula (2) which has a high dielectric strength of the gas because it contains
iodine in the molecule, is flame-retardant and incombustible, and has an extremely small global warming factor and a
negligibly small ozone destroying factor, it is possible to obtain high-performance electric power transmitting and dis-
tributing machines and equipment having a very little effect on global warming.

[0019] And, if x and a are equal, then the compound represented by the formula (3) and the formula (4) has a higher
dielectric strength of gas than the compound represented by the formula (1) and the formula (2). By using the insulating
medium containing the compound represented by the formula (3) and the formula (4), it is possible to obtain electric
power transmitting and distributing machines and equipment which have a very little effect on global warming.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

Fig. 1 is a diagram showing a gas-insulated switchgear in the first example.

Fig. 2 is a diagram showing a bus in the second example.

Fig. 3 is a diagram showing a breaker in the third example.

Fig. 4 is a diagram showing a gas-insulated transformer in the fourth example.

Fig. 5 is a diagram showing the structure of the electrode used for measurement of AC breakdown voltage.

Fig. 6 is a graph showing the change of AC breakdown voltage of CF3l against pressure.

Fig. 7 is a graph showing the change of AC breakdown voltage of a mixture of CF3l and nitrogen against pressure.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] First, a mention will be made of the insulating medium used for the electric power transmitting and distributing
machines and equipment according to the present invention. Table 1 shows the insulating medium (CF3l, CF;CF,l,
CF3CF,CF,l, CF3CF,CF,CF,l, CF3CF(CF3)CF(CF3)CF,l, c-C4F;l, c-CsFgl, c-CgF44l, CF3-c-C4Fgl, CF3CHFCF,l,
CF3CHFCF(CF,CF3)CF,l, CH3CF,CF,l, CH3CF(CF3)CF(CF3)CF,l, CH3-c-C4Fgl, c-CsH,FI, c-CgHyFgl, and CF5-c-
C4H5F4l) and their molecular weight, used for the electric power transmitting and distributing machines and equipment
according to the present invention. Since they contain iodine and have a high molecular weight, the dielectric strength
of the gas is high. In addition, sine they contain iodine in the molecule, they are readily decomposed by light and have
a short life in the atmosphere. Therefore, their global warming factor is extremely small, and their ozone breaking factor
is almost negligible. Moreover, these compounds have more than half of hydrogens in the hydrocarbon replaced by
fluorine and iodine and are flame retardant.
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TABLE 1
CHEMICAL FORMULA HELAR CHEMICAL FORMULA MOLECULAR
CFs1 : 196 ||CFsCHFCF,I 278
CF;CFp I : 246 ||CFsCHFCF(CF;CFs)CF,1|428
CFsCF,CFy1 , 298 ||CHy;CF,CF,1I 242
CFsCFaCF;CF, 1 346 [|CH,CF(CFg)CF(CF,)CF,1]|382
CF3CFR(CP3)CF(CF)CF, 11448
CF,-CF, CH,-CF -CF,
cI:F,—CFI !:Fz—-(i:FI
(6 —=CgsFp1) 308 (CHg—c~C4Fgl) 304
_CFy—CF, _CHy—~CF,
cF, | CF, |
\CPQ—CFI _ CF,~CFI
(c~CgFol) 358 (¢~CsHaFr I) 322
CP,—CF,\ /CHS-CF,,\

CF. CF, CF, CF,
CF,~CF ' , CF,—CFI/
(c~CgFy,1) 408 (c—CgHyFo I) 372

CF,—CF -CF, : CF,—CF —-CH,
CF;—CF1 éFz—[CFI
(CPg—~¢~—~CyFs 1) 358 (CFg—c—CHaiF, 1) 322

[0022] Forthese insulating media, the AC breakdown voltage was measured. The AC breakdown voltage was meas-
ured, with the insulating medium sealed in a pressure vessel in which spherical electrodes (12.5 mm in diameter) made
of SUS (as shown in Fig. 5) are arranged at an interval of 1 mm, with a voltage applied across the spherical electrodes
at a voltage rising rate of 0.5 kV,.

[0023] Table 2 shows the AC breakdown voltage of CF3l, CF;CF,l, CF;CF,CF,l, CF3CF,CF,CF,l, CF;CF(CF3)CF
(CF3)CF,l, c-C4Fl, c-CgFgl, c-CgF 441, CF3-c-C4Fgl, CFsCHFCF,l, CF3CHFCF(CF,CF3)CF,l, CH3CF,CF,l, CH;CF
(CF3)CF(CF3)CF,l, CH3-c-C4Fgl, c-C5H,F4l, c-CgHoFgl, and CF5-c-C4H5F,41, and the breakdown voltage of mixed me-
dia of each of them and nitrogen or helium. Each AC breakdown voltage was measured at temperatures and pressures
shown in Table 2. Their AC breakdown voltage is about 7~17 kV; therefore, these insulating media and mixed media
can be used as a substitute for SF5 and PFC for electric power transmitting and distributing machines and equipment
(such as transformers, reactors, buses, GIS's, breakers, and switches) in which SFg is used.

TABLE 2
COMPOSITION (Vol.%) STEALING GAS PRESSUER AC BREAKDOWN
TEMPERATURE (MP a) VOLTACE (kV)
(°C)
CF;l 100% 20 0.1 7.8
CF3l | 33.3%:N, | 66.7% 20 0.3 13.9
CF3l 25% : N, 75% 20 0.4 16.5
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TABLE 2 (continued)
COMPOSITION (Vol.%) STEALING GAS PRESSUER | AC BREAKDOWN
TEMPERATURE (MP a) VOLTACE (kV)
(°C)
CF,l | 33.3%:He | 66.7% 20 03 74
CFyl | 25%:He | 75% 20 0.4 8.2
CF4CF,| 100% 40 0.1 8.8
CF,CF,l | 33.3%:N, | 66.7% 40 03 14.6
CF,CF,l | 25%:N, | 75% 40 0.4 18.3
CF,CF,CF,l 100% 70 0.1 95
CF,CF,CF,l | 33.3%:N, | 66.7% 70 0.3 145
CP,CF,CFyl | 25%:N, | 75% 70 0.4 16.0
CF,CF,CF,CF,l 100% 80 0.1 10.8
CF,CF,CF,CF,l | 33.3%:N, | 66.7% 80 03 15.3
CF,CF(CF3)CF 100%: <) 0.1 14.4
(CF3)CF,|
CF,CF(CF3)CF | 33.3%:N, | 88.7% 20 03 17.3
(CF5)CF,|
c-CyFl 100% 80 0.1 9.8
c-C4F7l | 33.3%:N, | 66.7% 80 0.3 145
C-CqFql | 25%:Ny |  75% 80 0.4 15.8
c-CsFgl 100% 80 0.1 15
c-CsFgl | 33.3%:N, | 66.7% 2 03 15.2
c-CgF 44 100% 100 0.1 12.1
c-CgFqql | 33.3%:N, | 66.7% 100 03 16.4
CF4-c-C,Fgl 100% 2 0.1 12.2
CFy-c-C4Fgl | 33.3%:N, | 66.7% 920 03 16.0
CF,CHFCF, 100% 80 0.1 8.7
CF,CHFCF,l | 33.3%:N, | 86.7% 80 03 13.7
CF,CHFCF 100% 80 0.1 13.8
(CF,CF3)CF,|
CF,CHFCF | 33.3%:N, | 66.7% 2 03 16.8
(CF,CF3)CF,|
CH3CF,CF,| 100% 80 0.1 77
CH4CF,CF,l | 33.3%:N, | 66.7% 80 03 12.9
CH4CF(CF,)CF 100% 2 0.1 12.6
(CF3)CF5 |
CH4CF(CF,)CF | 33.3%:N, | 66.7% 20 03 16.3
(CF,)CF, |
CHa-c-C,Fgl 100% 80 0.1 9.1
CHHy-c-C,F¢l | 33.3%:N, | 66.7% 80 0.3 14.0
c-CgH,F 100% 80 0.1 10.2
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TABLE 2 (continued)

COMPOSITION (Vol.%) STEALING GAS PRESSUER | AC BREAKDOWN
TEMPERATURE (MP a) VOLTACE (kV)
(°C)
c-CsHoF5l | 33.3%:N, | 66.7% 80 0.3 14.8
c-CgH,F 100% ) 0.1 11.8
c-CgHoFgl | 33.3%:N, | 66.7% 2 03 15.9
CF3-c-C4HoF, | 100% 2 0.1 9.8
CF3-c-CgH,Fyl | 33.3%:N, | 66.7% 20 03 14.5

[0024] Of the insulating media and mixed media shown in Table 2, CF;l will be described in more detail. Fig. 6 shows
the AC breakdown voltage of CF4l. For comparison, the AC breakdown voltage of SFg is also shown. The AC breakdown
voltage of CF;l is superior to the AC breakdown voltage of SFg in the range of gas pressure 0.1~0.2 MPa. Therefore,
CF4l can be applied, as a substitute for SFg, to electric power transmitting and distributing machines and equipment
in which SFg is used.

[0025] Next, the AC breakdown voltage was measured when CF3l was mixed with nitrogen (in the case where the
partial pressure of CF3l at 20°C is 0.1 MPa and 0.2 MPa). Fig. 7 shows the AC breakdown voltage of a mixture of CF;l
and nitrogen. For comparison, the AC breakdown voltage of SFg is also shown. The AC breakdown voltage of the
mixed medium of CF3l and nitrogen is slightly smaller than the AC breakdown voltage of SFg but is higher than 10
kV\ms in the range of gas pressure of 0.2~0.5 MPa.

[0026] In the case where CF;l is used by mixing with other compounds, nitrogen is desirable because it has a high
dielectric breakdown strength, flame retardance, and a global warming factor of 0. It is also possible to obtain media
having a high dielectric breakdown strength by also using rare gases, such as helium, neon, argon, and xenon, or
carbon dioxide and other general-purpose compounds. Therefore, regarding the mixed medium of CF3l and nitrogen
and the mixed medium of CF5l and helium, it is possible to apply as a substitute of SF¢ for electric power transmitting
and distributing machines and equipment in which SFg is used.

[0027] Also, the insulating media shown in Table 1 (CF;l, CF3CF,l, CF3CF,CF,l, CF3CF,CF,CF,l, CF;CF(CF3)CF
(CF3)CF5l, c-C4F;1, c-CgFgl, c-CgF 441, CF3-c-C4Fgl, CF3CHFCF,l, CF3CHFCF(CF,CF3)CF,l, CH3CF,CF,l, CH3CF
(CF3)CF(CF3)CF,l, CH3-c-C4Fgl, c-C5H5FI, c-CgH,Fgl, and CF5-c-C4HoF41) contain fluorine and iodine in the molecule
and hence has a small intermolecular mutual action. Therefore, the boiling point is low as compared with hydrocarbon
compounds of the same molecular weight. These compounds can be used either in the form of gas or in the form of
liquid, by adjusting the temperature at which they are used and the pressure in the vessel.

[0028] Since CF4l has a boiling point of -22.5°C, it can be used in the form of gas at normal temperature (30°C) and
it can also be used in the liquefied form under high pressure. Also, CF3CF,l, which has a boiling point of 12°C, and
CF;CF,CF,l, which has a boiling point of 41°C, can be used either in the form of gas or in the form of liquid under
atmospheric pressure if the temperature is adjusted; it can also be used in the liquefied form under high pressure.
[0029] Also, SFg, C,Fg, octafluorobutane (c-C4Fg), etc. have a high global warming factor; but it is possible to reduce
the amount of use of these compounds by mixing with the insulating media in Table 2 or their mixed media.

(Embodiment 1)

[0030] An explanation will be given of the gas-insulated switchgear as the first example of the present invention. Fig.
1 shows the gas-insulated switchgear of this example. The gas-insulated switchgear of this example has, along a bus
conductor 21 which is the main current passage, a bushing 1, a connecting bus 18, a lightning guard 19 connected to
the connecting bus 18, a connecting bus 16, a connecting bust 16 to which an earthing device 15 and a voltage trans-
former 17 are connected,

a line disconnector 11, a connecting bus 13 equipped with an earthing device 12, a current transformer 9, a breaker
8, a breaker having an operating apparatus 14 at the lower part, a current transformer 9, a connecting bus 7, a bus
disconnector 4, a connecting bus 5, an earthing device 6, and a bus disconnector 4 placed on each bus 2. In the tank
for the bus 2 is housed a three-phase bus conductor 3.

[0031] The bus 2, bus disconnector 4, connecting bus 5 and 7, current transformer 9 and 10, breaker 8, connecting
bus 13, 16, and 18, voltage transformer 17, and lightning guard 19 are filled with the insulating media shown in Table
2 or their mixed media as the insulating medium 23 (CF;l, CF3;CF,l, CF;CF,CF,l, CF;CF,CF,CF,l, CF;CF(CF3)CF
(CF3)CF,l, c-C4Fl, c-CsFgl, c-CgF 441, CF3-c-C4Fgl, CF3CHFCF, I, CF3;CHFCF(CF,CF3)CF,l, CH3CF,CF,l, CH;CF
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(CF3)CF(CF3)CF,l, CHa-c-C4Fgl, c-CgHoFI, C-CgH,Fgl, and CF5-c-C4HoF 1), and they are partitioned by the insulating
spacer 20.

[0032] The insulating medium or mixed medium used for the gas-insulated switchgear of this example may be one
kind or the kind may be changed according to the machines and equipment.

[0033] According to the gas-insulating switchgear of this example, since an insulating compound 23 is used which
contains a compound which has a high dielectric strength of the gas because it contains iodine in the molecule, is
flame-retardant and incombustible, and has an extremely small global warming factor and a negligibly small ozone
destroying factor, the effect on global warming is extremely small and it is possible to open and close the electric power
circuit with high performance.

(Embodiment 2)

[0034] An explanation will be given of the bus 2 as the second example of the present invention. Fig. 2 shows the
bus 2 of this example. In the tank 24 of the bus 2, the insulating medium 23 pervades and the bus conductor 3 is
supported by the insulating support 25.

[0035] Since, as the insulating medium 23, the insulating media shown in Table 2 or their mixed media (CF;l, CF;CF,l,
CF5;CF,CF,l, CF3CF,CF,CF,l, CF3CF(CF3)CF(CF3)CFsyl, c-C4F4l, c-CsFgl, c-CgF441, CF3-c-C4F4l, CF3CHFCF,l,
CF3CHFCF(CF,CF3)CF,l, CH3CF,CF,l, CH3CF(CF3)CF(CF3)CF,l, CH3-c-C4Fgl, c-CsH,FI, c-CgHyFgl, and CF3-c-
C4H,F 41, or a mixture thereof with nitrogen or helium) were used, it was possible to obtain the high-performance bus
2 as in the case where SFg was used.

(Embodiment 3)

[0036] An explanation will be given of the breaker as the third example of the present invention. Fig. 3 shows a
sectional view of the breaker of this example.

[0037] In the inside of the breaker, the insulating medium 23 pervades and the breaking part 30 is arranged. The
breaking part 30 consists of a fixed buffer piston 31 and a movable buffer cylinder 32. At the end of the buffer cylinder
32 is formed a movable contact 33 which is in contact with a fixed contact 36. At the forward end of the buffer cylinder
32 is formed a gas port 37 and an insulating nozzle 38 is attached. The movable contact 33 is connected to a rod 35
which is driven by a manipulator (not shown). Between the buffer cylinder 32 and the buffer piston 31 is a buffer chamber
34. In the buffer chamber 34, the insulating medium 23 pervades.

[0038] At the time of breaking action of the breaking part 30, the rod 35 is pulled off by the manipulator, the buffer
cylinder 32 is moved, and the insulating medium 23 in the buffer chamber 34 is compressed. The fixed contact 36 is
pulled from the movable contact 33 and also from the insulating nozzle 38. Between the fixed contact 36 and the
movable contact 33 occurs an arc accompanied by current breakage. The gas pressure in the buffer chamber 34 at
the time of large current breaking is raised further due to heating by the arc plasma that occurs between the opened
movable contact 33 and the fixed contact 36.

[0039] The pressurized gas in the buffer chamber 34 enters the insulating nozzle 38 through the gas port 37, and
then jets out from the forward end of the insulating nozzle 38, thereby extinguishing the arc plasma. After being blown
against the arc plasma, the gas becomes a high-temperature gas and is discharged to the fixed side or movable side.
[0040] Since, as the insulating medium 23, the insulating media shown in Table 2 or their mixed media (CF5l, CF;CF,l,
CF3CF,CF,l, CF3CF,CF,CF,l, CF3CF(CF3)CF(CF3)CF,l, c-C4F;I, c-CsFgl, c-CgF44l, CF3-c-C4Fgl, CF3CHFCF,l,
CF3CHFCF(CF,CF3)CF,l, CH3CF,CF,l, CH3CF(CF3)CF(CF3)CF,l, CH3-c-C4Fgl, c-CsH,FI, c-CgHyFgl, and CF5-c-
C4H5F 41, or a mixture thereof with nitrogen or helium) were used, it was possible to obtain the high-performance breaker
as in the case where SFg was used.

[0041] Moreover, since these insulating media or mixed media are flame-retardant or incombustible and have an
extremely small global warming factor and an almost negligibly small ozone breaking factor, it was possible to manu-
facture the breaker which has very little effect on the global environment.

(Embodiment 4)

[0042] An explanation will be given of the gas-insulated transformer as the fourth example of the present invention.
Fig. 4 shows the gas-insulated transformer of this example. In the inside of the vessel 41 are held an iron core 42 and
a coil 43 together with the insulting medium 23. To the outside of the vessel 41 are connected a cooler 44 and a blower
45 through a cooling pipe 46. The insulating medium 23 is cooled by the cooler 44 as indicated by arrows and then
delivered by the blower 45 into the vessel 41 through the cooling pipe underneath, and it enters the iron core 42 and
the coil 43 and removes their generated heat and returns again to the cooler 44 through the cooling pipe and flows
through the circulating path.
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[0043] Since, as the insulating medium 23, the insulating media shown in Table 2 or their mixed media (CF;l, CF5CF,l,
CF;CF,CF,l, CF3CF,CF,CF,l, CF3CF(CF3)CF(CF3)CFsl, c-C4F4l, c-CsFgl, c-CgF44l, CF3-c-C4Fgl, CF3CHFCF,l,
CF3CHFCF(CF,CF3)CF5l, CH3CF,CF,l, CH3CF(CF3)CF(CF3)CF,l, CH3-c-C4Fgl, c-C5H,F4I, c-CsHoFgl, and CFa-c-
C4H5F 41, or a mixture thereof with nitrogen or helium) were used, it was possible to obtain the high-performance gas-
insulated transformer as in the case where SFg was used.

[0044] Moreover, since these insulating media or mixed media are flame-retardant or incombustible and have an
extremely small global warming factor and an almost negligibly small ozone breaking factor, it was possible to manu-
facture the gas-insulated transformer which has a very little effect on the global environment.

Claims

1. Electric power transmitting and distributing machines and equipment of the type in which an insulating medium is
held, wherein said insulating medium contains a compound represented by the formula (1) or (2) below

CyH,F, I )
(wherey +z=2x+1,z>y, xis anatural number of 6 or less, Z is a natural number, and y is 0 or a natural number.)
CH,F,! )

(where C H,F_l is a cyclic compound, b + ¢ = 2a, ¢ > b, a is a natural number from 3 to 6, c is a natural number,
and b is 0 or a natural number.)

2. Electric power transmitting and distributing machines and equipment of the type in which an insulating medium is
held, wherein said insulating medium contains a compound represented by the formula (3) or (4) below

CxF 2x1)! (3)
(where x is a natural number of 6 or less.)
CaF ol (4)

(where C,F,,l is a cyclic compound and a is a natural number from 3 to 6.)

3. Electric power transmitting and distributing machines and equipment of the type in which an insulating medium is
held, wherein said insulating medium contains CF;l.

4. The electric power transmitting and distributing machines and equipment as defined in Claim 1, 2, or 3, wherein
said insulating medium is a mixture containing nitrogen or helium.
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FIG.4
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